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(71) We, British Steel Corpora- 
tion, a Corporation incorporated and exist- 
ing under the Iron and Steel Act 1967 of 
33, Grosvenor Place, London S.W.I, do 
hereby declare the invention for which we 
pray that a Patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to ultrasonic thick- 
ness measurement. 

The use of an ultrasonic pulse echo 
technique for thickness measurement of 
products is known, for example, in the 
15 measurement of metal tube wall thickness 
for quality control purposes. The technique 
employs the measurement of the time span 
between successive ultrasonic reflections 
between appropriate opposing boundries of 
20 the product. 

To measure the time span between two 
successive reflected pulses can lead to 
significant errors if the time interval is 
small, as is usually the case, particularly 
25 when measuring metal tube wall thickness. 
. It has therefore been proposed to measure 
the time span over a plurality of signals. 
However such an arrangement still involves 
a number of problems. Thus, for example, 
30 extraneous signals between major reflections 
can be introduced due to sonic wave mode 
conversion, or interference effects of sonic 
waves within the product can lead to the 
loss of one or more reflection signals. 

All of these will lead to serious errors in 
the resultant thickness reading. 

It is an object of the present invention 
to overcome or at least substantially reduce 
these problems. 

According to one aspect of the invention 
there is provided apparatus for the ultra- 
sonic thickness measurement of a product 
comprising ultrasonic transducing means for 
emitting ultrasonic pulses into the product 
45 and detecting reflections thereof; timing 
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means for measuring the time span of a 
predetermined plurality of reflected pulse 
signals and for separately measuring the 
time span of a predetermined lesser number 50 
of reflected pulse signals within the pre- 
determined plurality of signals; comparator 
means for comparing the time span of the 
plurality of signals with the time span of 
the lesser number of signals; processing 55 
means for processing at least one set of the 
signals before comparison such that at 
comparison representations of the time 
spans are, for correct comparison, equal; 
and product thickness signal output means °° 
controlled by the comparator means. 

According to another aspect of the 
invention there is provided a method of 
measuring the thickness of a product 
comprising transmitting ultrasonic pulses 65 
into the product; receiving a plurality of 
reflected pulses from within the product; 
measuring the time span of a predetermined 
plurality of reflected pulse signals, measur- 
ing the time span of a predetermined lesser 70 
number of reflected pulse signals within the 
predetermined plurality of signals; compar- 
ing the time span of the plurality of signals 
with the time span of the lesser number of 
signals; processing at least one set of the 75 
signals before comparison such that at 
comparison representations of the time spans 
are, for correct comparison, equal; and 
controlling an output signal representative 
of the time span of the predetermined 80 
plurality of signals in dependence on the 
comparison. 

The output signal should, ideally, be 
representative of the thickness of the 
product since the time span for the plurality £5 
of signals should be a simple multiple of 
time between the receipt of two successive 
pulses reflected across the thickness of the 
product, as also should the representation 
of the time span of the said lesser number 90 
of signals. Hence the comparison between 
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the two time spans should reveal a simple 
predetermined relationship between them. 
However if the plurality of reflected pulse 
signals incorporates one or more extraneous 
5 signals, or if one or more reflected pulse 
signals has been lost, this simple relation- 
ship will not be found upon comparison, 
so that the output signal can be rendered 
void. Hence by means of the invention it is 

10 possible to know whether the output signal 
is a true representation of the product thick- 
ness, and to ensure that only correct output 
signals are passed. 
The comparison means can be arranged 

15 to control gating means such mat an output 
signal will only be passed if said comparison 
shows the predetermined required relation- 
ship. 

Conveniently, the predetermined lesser 

20 number of reflected pulses is arranged to be 
two consecutive pulse signals, so that, 
assuming no extraneous signals are in- 
cluded and no signals are lost, the 
time span of the said plurality of signals 

25 is a simple multiple of the time span be- 
tween the two signals. 

Where the predetermined lesser number 
of signals is two, the processing of the 
signals can be done, for example, by 

30 multiplying the representation of the span 
of the two signals by a factor of the 
number of signals in the predetermined 
plurality of signals less one before com* 
parison, or alternatively by dividing the sig* 

35 nal representative of the predetermined 
plurality of signals by a factor of the nun> 
ber of signals in the predetermined plurality 
of signals less one before comparison. 
The signals representative of the two time 

40 spans may be converted to digital frequency 
pulses before comparison, e.g. the signals 
may be arranged to gate a clock pulse 
source for a time representative of the 
respective time span, the comparison then 

45 being between the two sets of pulses. 
In this case, it is necessary to provide that, 
for a correct compaysipn, the number pf 
pulses in each set is equal at comparison. 
This may be done by arranging to multiply 

50 or divide by an appropriate number tbe 
frequency of pulseg from the pulse source 
for use with the time span of the predeter* 
mined plurality pf signals or the predeter- 
mined lesser number of signals respectively. 

55 In order that the invention may be more 
readily understood, one embodiment thereof 
will now be described by way of example 
with reference to the accompanying 
drawings in which:-— 

60 Figure 1 is a block diagram representative 
of the circuit of one embodiment of the 
invention; 

Figure 2 is a diagram representing the 
operational time factors of the embodiment 
65 of Figure 1; and 



Figure 3 is a block diagram representative 
of the circuit of a modification of the 
embodiment of Figure 1. 

In the arrangement shown in Figures 1 
and 2 the transmitter Tx supplies a high 70 
voltage driving pulse to the ultrasonic 
transducer 1. The resultant ultrasonic 
transmission pulse is coupled to a product 
(not shown) and the resultant successive 
echoes within the workpiece produce cor- 75 
responding electrical signals on reception by 
the transducer I. These reflection signals are 
passed to the receiver Rx where they are 
suitably amplified 1 and transformed into 
video pulses. A pulse shaper 2 is used to 80 
improve the leading edge of the video pulses 
before they are passed to a primary pulse 
counting unit 3. In the primary pulse count- 
ing unit 3, the 3rd. 4th and 6th pulses of 
the reflected signal pulse train from the 85 
pulse shaper 2 are electronically extracted. 
The 3rd and 4th pulses are passed via lines 
4 and 5, to a flip-flop (bi-stable) 1, the out- 
put of which is a square wave form whose 
output time is equivalent to the time 90 
interval between the 3rd and 4th pulses. 
Hiis waveform i s passed to a times 3 pulse 
stretcher 8; which is esentially a constant 
current capacitor charging device which 
expands the time interval output of flip-flop 95 

1 by a factor of 3. such that the original 
time interval between 3rd and 4th pulses 
of the pulse train is now multiplied by the 
factor 5. This expanded output is passed to 
and operates gate 1, which allows a 'burst' 100 
of pulses from a clock pulse source 9 
through the gate during the expanded 
time interval. 

The number of pulses contained within 
this 'burst' is counted by pulse counting 105 
unit 1 and the resultant count held. In a 
similar manner, the 3rd and 6th pulses 
from the primary counting unit are passed 
via lines 6 and 7, to fliprflop 2 where the 
output waveform time interval corresponds 1 10 
to the time interval between the 3rd and 
6th pulses. The output from flip-flop 2 is 
passed to gate 2 which allows a 'burst* 
of pulses from the clock pulse source 9 
through the gate during the time interval 115 
between the 3rd and 6th pulses. The number 
of pulses contained within this burst is 
counted by pulse counting unit 2. The 
oounts held in pulse counting units 1 and 

2 are electrically compared by the count 120 
comparator 10. It the counts are essentially 
equal (i.e. within predetermined limits) 
when the count comparator is measuring, a 
measurement (or count) valid signal output 
from the count comparator 10 is fe4 to the 125 
print enable system of a recorder 11 which 
allows the accurately measured workpiece 
thickness data (by accurate measurement 

of the 3rd and 6th pulse time interval) to 
be printed on the recorder 11. The counters 130 
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are then reset and held ready for the next 
transmitter cycle. 

Figure 2 is a timing diagram of the 
embodiment of the invention of Figure i 
5 showing the operation in three separate 
circumstances. On the left is shown the 
operation when a correct train of reflection 
pulse signals are involved. In the centre an 
extraneous signal has been included whilst 
10 on the right one pulse signal is missing. 
Line 20 shows the input driving pulse sup- 
plied by transmitter Tx to the transducer 1 
m each of the three cases. Line 21 shows 
the pulse signal output from receiver Rx, 
15 the extra pulse and the missing pulse re- 
spectively being clearly indicated in the 
centre and on tne right. Line 22 shows each 
of tiie three cases after the signals have 
passed through the pulse shaper 2. Lines 
20 23, 24 and 25 indicate on a time scale the 
third, fourth and sixth pulse signals respec- 
tively upon extraction at the primary pulse 
counting unit 3. Line 26 shows, in each of 
the three cases, the square waveform signal 
25 provided by the third and fourth pulse 
signals at the output from flip-flop 1, and 
line 27 shows the same signals at the output 
from the pulse stretcher 8. Line 28 shows 
the square wavefrom signal provided by the 
30 third and sixth pulse signals at the output 
from flip-flop 2. lines 29 and 30 show the 
gated pulses from the clock pulse source 9 
at the outputs of gate 1 and gate 2 respec- 
tively prior to being fed to pulse counting 
35 units 1 and 2 respectively. Upon comparison 
in the comparator 10, only the pulses on the 
left will provide a conect comparison. The 
pulses in the centre and on the right will re- 
sult in a void comparison. 
40 The embodiment of the invention shown 
in Figure 3 is similar to that of Figure 1, 
in that a transducer 12 is excited by the 
transmitter Tx and the resultant reflection 
signals processed through a receiver ampli- 
45 fier Rx and pulse shaper 13 and then to a 
primary pulse counting unit 14 where the 
3rd, 4th and 6th pulses are extracted as 
before. The output waveform of flip-flop 
1 is again essentially the time interval be- 
50 tween the 3rd and 4th pulses, and the out- 
put of flip-flop 2 of the tune interval between 
the 3rd and 6th pulses. These waveforms 
are fed to Gates 1 and 2 respectively where 
Gate 1 is also fed directly from a high fre- 
55 quency clock pulse source 14 and gate 2 is 
fed from the high frequency clock pulse 
source 15 via a divide by three frequency 
division unit 16. The resultant outputs from 
gates 1 and 2 are counted on pulse counting 
60 units 1 and 2 and the counts held and then 
compared as in the system described in 
Figure 1. 

In some cases it is desirable to provide 
a further check on the thickness measuring 
65 arrangement, as will now be explained. 



As already described, the successive re- 
flected signals within the product are passed 
to the receiver Rx where they are suitably 
amplified and transformed into video pulses. 
Transforming the RF pulses into video 70 
ulses can be achieved in a number of ways, 
ut primarily two principles can be used, te. 
edge detection of the RF pulses or turnover 
detection of the RF pulses. 

Where edge detection is used difficulties 75 
can arise in determining the leading edge 
of the RF pulses particularly on the small 
amplitude signals at the far end of the pulse 
tram. If for example, the product thickness 
measurement is determined by the measure- 80 
ment of the time interval between the third 
and sixth pulses, an error in measurement 
is possible if the 6th pulse is of low ampli- 
tude due to say high attenuation in the 
material of the product 85 

This problem can be overcome if the 
seventh pulse of the pulse train is extracted, 
and this pulse is used to enable the thickness 
measurement read out along with the count 
valid system as previously described. This 90 
facility ensures that, if the seventh pulse has 
been detected then the sixth pulse is reason- 
ably well established and thus minimises the 
likelihood of an edge detection error on the 
sixth pulse. 9 * 
WHAT WE CLAIM IS:— 

1. Apparatus for the ultrasonic thickness 
measurement of a product comprising ultra- 
sonic transducing means for emitting ultra- 
sonic pulses into the product and detecting 100 
reflections thereof; timing means for measur- 
ing the time span of a predetermined 
plurality of reflected pulse signals and for 
separately measuring the time span of a pre- 
determined lesser number of reflected pulse 105 
signals within the predetermined plurality 

of signals; comparator means for comparing 
the time span of the plurality of signals with 
the time span of the lesser number of signals; 
processing means for processing at least one 110 
set of the signals before comparison such 
that at comparison representations of the 
time spans are, for correct comparison, 
equal; and product thickness signal output 
means controlled by the comparator means. 115 

2. Apparatus according to claim 1 
wherein the processing means is arranged to 
increase the representation of the time span 
of the predetermined lesser number of sig- 
nals. 120 

3. Apparatus according to claim 1 
wherein the processing means is arranged to 
reduce the representation of the time span 
of the predetermined plurality of signals. 

4. Apparatus according to any one of 125 
the preceding claims wherein the com- 
parison means is arranged to control gating 
means such that an output signal will only 

be passed if the comparison is correct. 

5. Apparatus according to any one of 130 
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the preceding claims including means for 
converting the two time spans to digital 
frequency pulses before comparison. 

6. Apparatus for the ultrasonic thickness 
5 measurement of a product substantially as 

shown in and as hereinbefore described in 
relation to the accompanying drawings. 

7. A method of measuring the thickness 
of a product comprising transmitting ultra- 

10 sonic pulses into the product; receiving a 
plurality of reflected pulses from within the 
product; measuring the time span of a pre- 
determined plurality of reflected pulse sig- 
nals; measuring the time span of a pre- 

15 determined lesser number of reflected pulse 
signals within the predetermined plurality 
of signals; comparing the time span of the 
plurality of signals with the time span of 
the lesser number of signals; processing at 

20 least one set of the signals before com- 
parison such that at comparison representa- 
tions of the time spans are, for correct com- 
parison, equal; and controlling an output 
signal representative of the time span of the 

25 predetermined plurality of signals in depend- 
ence on the comparison. 



8. A method according to claim 7 where- 
in the representation of the time span of 
the predetermined lesser number of signals 

is increased before comparison. 30 

9. A method according to claim 8 
wherein the representation of the time span 
of the predetermined plurality of signals is 
reduced before comparison. 

10. A method according to Claim 7, 8 35 
or 9 wherein the predetermined lesser num- 
ber of signals is arranged to be two con- 
secutive pulse signals. 

11. A method according to any one of 
claims 7 to 10 in which the two time spans 40 
are converted to digital frequency pulses 
before comparison. 

12. A method according to claim 11 
wherein the signals are each arranged to 
gate a clock pulse source for a time repre- 45 
sentative of the respective time span, 

13. A method of measuring the thickness 
of a product substantially as hereinbefore 
described with reference to the accompany- 
ing drawings. 50 

P. W. M. Heath 
Agent for the Applicants 
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